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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently remove a minute amt. of sulfur compds. in an adsorbent 
prepared by depositing metal on a reformed binderless zeolite obtained by heat-treating a binderless zeo 
having a micropore by specifying the heat- treating temp., deposited metal and content of a crystalline bo 
in each zeolite, respectively. 

SOLUTION: An A- or X-type zeolite having a first micropore and a micropore us heat-treated at 500-1 ,200 
C to form the definite number of second micropores to form an A- or X-type reformed binderless zeolite o 
which a metal selected from a group consisting of manganese, cobalt, copper, nickel, iron and platinum is 
deposited. At this time, a zeolite crystalline body having a micropore is incorporated into the binderless 
zeolite by 95-100wt.%, and the reformed binderless zeolite contains 90-96wt.% zeolite crystalline body 
having a micropore. Consequently, a minute amt. of sulfur compds. in gaseous hydrocarbons are efficien 
removed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the adsorbent for minor-constituent remova 

and its removal methods, such as a sulfur compound contained in hydrocarbon system gas. 

[0002] 

[Description of the Prior Art] After calcinating synthetic 4A type zeolite powder, and kaolin type clay and the extrus 
molding object of the mixture of the predetermined rate of NaOH, JP,2-1571 19,A is made to convert clay into 4A ty 
zeolite in NaOH solution, and the manufacture method of A type binder loess zeolite molding object of having the 
outstanding mechanical strength and outstanding high adsorption capacity is indicated. However, when this A type 
binder loess zeolite molding object is used as an adsorbent for removal of minor constituents, such as a sulfur 
compound contained in hydrocarbon system gas, especially the material gas for fuel cells, the adsorptivity ability 
should not be satisfied. 

[0003] After fabricating and calcinating the mixture which consists of synthetic X type zeolite powder, kaolin type 
clay, and a solid-state reactivity silica, the manufacture method of the binder loess X type zeolite molding object 
adsorption capacity and whose physical mechanical strength improve is indicated by making NaOH solution contact 
JP,4-19801 1,A. However, when this binder loess X type zeolite molding object is used as an adsorbent for removal o 
minor constituents, such as a sulfur compound contained in hydrocarbon system gas, especially the material gas for f 
cells, the adsorptivity ability should not be satisfied. 
[0004] 

[Problem(s) to be Solved by the Invention] this invention makes it the technical problem to offer the removal method 
minor constituents, such as a sulfur compound which uses the adsorbent and this adsorbent which have the adsorptiv 
ability which was excellent as an object for removal of minor constituents, such as a sulfur compound contained in th 
material gas for fuel cells containing minor constituents, such as hydrocarbon system gas, especially a sulfur 
compound. 
[0005] 

[Means for Solving the Problem] this invention to A type or the X type reforming binder loess zeolite in which heat- 
treat A type or the X type binder loess zeolite which has the 1st macropore and a micropore at the temperature of 500 
1200 degrees C, and it makes it come to form the 2nd macropore of a constant rate It comes to support manganese, 
cobalt, copper, nickel, iron, and at least one sort of metals chosen from the group which consists of platinum. This 
binder loess zeolite contains the zeolite crystalline which has a micropore in 95 - 100% of the weight of the range. 
Adsorbent for the minor-constituent removal in hydrocarbon system gas; and the minor constituent which are 
characterized by this reforming binder loess zeolite containing the zeolite crystalline which has a micropore in 90 - 
96% of the weight of the range, It is hydrocarbon system gas containing especially a sulfur compound Ordinary- 
pressure - 10 kg/cm2 The method of removing the minor constituent in the hydrocarbon system gas characterized by 
contacting the aforementioned adsorbent to the bottom of a flow and pressure requirement, especially a sulfur 
compound is offered. 
[0006] 

[Embodiments of the Invention] A type or the X type binder loess zeolite used in this invention commercial elegance 
it can be used - as the example - BL type ZEORAMU-A5 (the TOSOH CORP. make --) A type binder loess zeolite 
and a tradename - all - a hole - the 15% of the 1st macropore volume percentages to capacity about 98 % of the 
weight of zeolite crystalline content, 5 A of micro apertures, and BL type MS-13X (the product made from UCC --) a 
X type binder loess zeolite and a tradename - all ~ a hole ~ the 16% of the 1st macropore volume percentages to 
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capacity, about 98 % of the weight of zeolite crystalline content, 10A of micro apertures etc., etc. are raised, and the 
zeolite crystalline which usually has a micropore is contained in 95 - 100% of the weight of the range This micropor 
has a 5-1 OA diameter. 

[0007] By being 600-1 100 degrees C in temperature preferably, for example, heat-treating A type or 500-1200 degre 
C of X type binder loess zeolites in this invention, for 1 to 20 hours, destroy a part of crystal structure of the zeolite 
crystalline which has a micropore, the 2nd macropore of a constant rate is made to form, and A type and an X type 
reforming zeolite are obtained. Cutting of the chemical bond in which the temperature of the above-mentioned heat 
treatment forms the crystal structure at less than 500 degrees C is inadequate, and since a crystal structure object will 
destroyed if it exceeds 1200 degrees C preferably, since the 2nd macropore is hard to be formed, it is not desirable. 
Although the above-mentioned heat treatment can be preferably performed to the bottom of the atmosphere of inert g 
under atmosphere, such as air and inert gas, it is desirable to make the moisture of 1 - 5 capacity % live together in th 
case. 

[0008] By heat-treating A type or an X type zeolite, the Si-aluminum-0 combination in the zeolite crystal structure i 
cut, it becomes Si-0 combination, and that in which the 2nd macropore is formed is presumed. Therefore, to a sulfur 
compound, the 2nd macropore has a certain amount of adsorption selectivity, though it is weak, and since it is 
considered that selective-adsorption nature is hardly shown to hydrocarbon system gas on the other hand, it sets it to 
binder addition zeolite. Like [ in the case of the macropore (the following 3rd macropore) formed with a binder ] Tha 
to which the diffusion to the micropore of a sulfur compound is blocked by lock out of the macropore which passes t 
the micropore by the hydrocarbon system gas to the macropore wall of hydrocarbon system gas by which it adsorbed 
a result adsorbed, and the adsorptivity ability of the sulfur compound to a micropore does not fall is presumed. 
However, that to which has the diffusion disturbance to the micropore of a sulfur compound by the hydrocarbon syst 
gas of high concentration [****/ that the diffused resistor of the sulfur compound from an adsorbent front face to a 
micropore will become large if the amount of a micropore will decrease if there are too many amounts of the 2nd 
macropore, the surface coverage of a sulfur compound will also fall and there are too few amounts of the 2nd 
macropore on the other hand ], and surface coverage falls is presumed. As for A type or the X type reforming binder 
loess zeolite obtained with the above-mentioned heat treatment by the above-mentioned reason, it is desirable to 
contain the zeolite crystalline which has a micropore in 90 - 96% of the weight of the range. 

[0009] In case the 1st macropore in A type or an X type binder loess zeolite manufactures these binder loess zeolites 
the crystal structure of the zeolite crystalline which has a micropore is destroyed and formed, and it is similar to the 2 
macropore of the above. 

[0010] The volume percentage of the 1st macropore to capacity is usually in 10 - 30% of range, described [ above ] A 
type and an X type binder loess zeolite - setting ~ all - a hole ~ the aforementioned reforming binder loess zeolite - 
all - a hole - all the macropore volume percentages to capacity 30 to 45% usually It is not desirable, in order that th 
micropore which has adsorption selectivity may decrease more than required, if it is in 35 - 40% of range preferably, 
and this percentage exceeds 45% preferably, since diffusion to a micropore from the macropore of minor constituent 
such as a sulfur compound, is not fully performed at less than 30%. 

[001 1] In this invention, manganese, cobalt, copper, nickel, iron, and platinum can be used as a metal supported by t 
aforementioned reforming binder loess zeolite. 

[0012] This metal can be supported to the aforementioned reforming binder loess zeolite according to sinking in or t 
ion exchange. The 0.01-1 % of the weight of the amounts of support in the case of supporting according to sinking 
is in 0.01 - 0.1% of the weight of the range preferably, and since this amount of support will have a bad influence on 
the pore size of a micropore if it exceeds 1 % of the weight preferably, since adsorption activity is not fully obtained 
less than 0.01 % of the weight, it is not desirable. The 20 - 40% of the amounts of support in the case of supporting t 
aforementioned metal according to the ion exchange is in 20 - 30% of range preferably as a rate of the ion exchange, 
and since this rate of the ion exchange will have a bad influence on the pore size of a micropore if it exceeds 40% 
preferably, since adsorption activity is not enough obtained at less than 20%, it is not desirable. 
[0013] As an example of the hydrocarbon system gas in this invention, liquefied petroleum gas, such as town gas, 
natural gas, LPG, naphtha, and lamp oil, etc. is raised, and material gas, such as a fuel cell, a hydrogen manufacturin 
installation, and a town gas manufacturing installation, is included. 

[0014] As an example of the minor constituent contained in the hydrocarbon system gas in this invention, sulfur 
compounds, such as a hydrogen sulfide, a methyl mercaptan, methyl sulfide, dimethyl sulfide, t-butyl mercaptan, a 
carbonyl sulfide, and a thiophene, a carbon monoxide, a carbon dioxide, etc. are raised! 

[0015] The removal method of minor constituents, such as a sulfur compound contained in the hydrocarbon system g 
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in this invention, is performed by contacting hydrocarbon system gas to the aforementioned adsorbent of this inventi 
with which for example, the flow system packed bed was filled up under a fixed condition, for example, the reaction 
temperature of 0-50 degrees C, reaction pressure 1-10 kg/cm2, and the condition of GHSV10000-95000h-l. The 
above-mentioned reaction pressure is 10 kg/cm2. Since the influence of the coadsorption of a hydrocarbon compone 
will become large if it exceeds, it is not desirable. 
[0016] 

[Example] Hereafter, an example and the example of comparison explain this invention in more detail. Unless it refu 
especially here, is based on weight criteria, the content of the zeolite crystalline which has a micropore — metho 
such as an X-ray diffraction method and an electron diffraction method, - measuring - all — a hole - the macropore 
volume percentage to capacity was measured by methods, such as a BET adsorption method and the pore distributin 
method 

[0017] 92% of zeolite crystalline content in which an example of manufacture 1 micro aperture heat-treats BL type 
ZEORAMU-A5 20(TOSOH CORP. make, A type binder loess zeolite, and tradename - all - hole - 15% [ of the Is 
macropore volume percentages to capacity ], and about 98% of zeolite crystalline content) g which is 5A at 800 degr 
C for 6 hours, and has a micropore ~ and ~ all - a hole - heat treatment binder loess zeolite of 35% of all macropor 
volume percentages to capacity 20g In 0.51. of solution of a 0.5 mols [ which were prepared separately //l. ] cobalt- 
nitrate hydrate, heat treatment binder loess zeolite lOg was added, and it dried at 120 degrees C after 1-hour sinking 
in it for 10 hours, subsequently it calcinated at 500 degrees C in it for 3 hours, and lOg (the following, adsorbent 1) o 
adsorbents was obtained in it. When the amount of support of cobalt was analyzed by the X-ray fluorescence analysi 
the ICP illuminant light method, and the solvent extraction method, it was 0.08%. 

[0018] heat treatment binder loess zeolite 20g which has 95% of zeolite crystalline content in which an example of 
manufacture 2 micro aperture heat-treats BL type ZEORAMU-A5 20(TOSOH CORP. make, A type binder loess 
zeolite, and tradename - all - hole ~ 15% [ of the 1st macropore volume percentages to capacity ] and about 98% o 
zeolite crystalline content) g which is 5 A at 600 degrees C for 10 hours, and has a micropore, and 38% of all macrop 
volume percentages to **** capacity was obtained In 0.71. of solution of a 0.7 mols [ which were prepared 
separately //l. ] nickel nitrate hydrate, heat treatment binder loess zeolite lOg was added, and it dried at 120 degrees C 
after 1-hour sinking in in it for 10 hours, subsequently it calcinated at 500 degrees C in it for 3 hours, and lOg (the 
following, adsorbent 2) of adsorbents was obtained in it. When the amount of support of nickel was analyzed by the 
ray fluorescence analysis, the ICP illuminant light method, and the solvent extraction method, it was 0.08%. 
[0019] BL type of 10A of example of manufacture 3 micro apertures ~ 92% of zeolite crystalline content which heat 
treats MS-13X(product [ made from UCC ], X type binder loess zeolite, and tradename - all - hole - 16% [ of the 1 
macropore volume percentages to capacity ], and about 98% of zeolite crystalline content)30g at 1000 degrees C for 
hours, and has a micropore - and - all ~ a hole - heat treatment binder loess zeolite 30g which has 40% of all 
macropore volume percentages The ion exchange was performed until it added heat treatment binder loess zeolite 10 
in 0.81. of 0.5 mols [ which were prepared separately III, ] copper-nitrate solution and the rate of the ion exchange 
became 26% in it at the temperature of 40 degrees C. Subsequently, it dried at 1 15 degrees C after rinsing and the air 
drying for 10 hours, subsequently it calcinated at 500 degrees C for 3 hours, and lOg (the following, adsorbent 3) of 
adsorbents was obtained. 

[0020] it replaced with the binder loess zeolite of the example 1 of example of manufacture 4 manufacture, and 40g 
(henceforth, comparison adsorbent 1) of adsorbents was obtained like the example 1 of manufacture except using 
ZEORAMU A5(TOSOH CORP. make, A type binder addition zeolite Plastic-solid, and tradename - all « hole ~ 85 
[ of the 1st macropore volume percentages to capacity ], and 70 % of the weight of zeolite crystalline content) of 5 A 
micro apertures 40g 

[0021] it replaced with the heat treatment binder loess zeolite of the example 3 of example of manufacture 5 
manufacture, and 30g (henceforth, comparison adsorbent 2) of adsorbents was obtained like the example 3 of 
manufacture except using MS-13X(product [ made from UCC ], X type binder addition zeolite Plastic-solid, 
tradename, and about 70% of zeolite crystalline content - all - hole ~ 82% [ of the 1st macropore volume percentag 
to capacity ], and tradename)30g of 10A of micro apertures 

[0022] it replaced with the heat treatment binder loess zeolite of the example 1 of example of manufacture 6 
manufacture, and 50g (henceforth, comparison adsorbent 3) of adsorbents was obtained like the example 3 of 
manufacture except using it as it is without fabricating 50g (99% of zeolite crystalline content which has a micropore 
all ~ a hole ~ the 13% of the 1st macropore volume percentages to capacity) of crystal grain of A type zeolite of 5 A 
micro apertures 
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[0023] it replaced with the heat treatment binder loess zeolite of the example 3 of example of manufacture 7 
manufacture, and 40g (henceforth, comparison adsorbent 4) of adsorbents was obtained like the example 3 of 
manufacture except using it as it is without fabricating 40g (98% of zeolite crystalline content which has a micropore 
all - a hole — the 10% of the 1st macropore volume percentages to capacity) of crystal grain of the X type zeolite of 
1 OA of micro apertures 

[0024] 20g (comparison adsorbent 5) of adsorbents was obtained like the example 1 of manufacture except not heat- 
treating A type binder loess zeolite of the example 1 of example of manufacture 8 manufacture. 
[0025] 30g (comparison adsorbent 6) of adsorbents was obtained like the example 3 of manufacture except not heat- 
treating the X type binder loess zeolite of the example 3 of example of manufacture 9 manufacture. 
[0026] It is filled up with 30ml of the adsorbent 1 obtained by the cylinder-like reactor with a diameter [ example 1 / 
30mm ], and a length of 300mm in the example 1 of manufacture (the path of 1 .5mm, a length of 5.0mm, pellet-like; 
pack density 0.65 [ about ]). The following composition: It is Table 1 about the sample gas which consists of methan 
90.38 capacity %, ethane 4.55 capacity %, propane 3.31 capacity %, isobutane 0.73 capacity %, normal butane 0.94 
capacity %, isopentane 0.03 capacity %, normal pentane 0.01 capacity %, nitrogen 0.05 capacity %, and 15 ppm of 
hydrogen sulfides. [0027] 
[Table 1] 
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[0028] It was alike, and under the shown condition, this adsorbent restoration reactor was circulated, the adsorption 
experiment of the hydrogen sulfide in sample gas was conducted, and the amount of adsorption of a hydrogen sulfide 
was measured. It is shown in Table 2 by making the obtained amount of adsorption into surface coverage. In Table 2 
the amount of adsorption of the hydrogen sulfide per unit weight of an adsorbent is expressed in the percentage as 
surface coverage as an amount of a sulfur atom. 

[0029] It replaced with the conditions of examples 2-6 and one to example of comparison 12 example 1, and the sam 
experiment as an example 1 was conducted except having changed into the conditions shown in Table 2, respectively 
The obtained result is shown in Table 2. 
[0030] 
[Table 2] 
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[0031] The same experiment as an example 1 was conducted except using the sample gas and the adsorbent 3 which 
replace with 15 ppm of hydrogen sulfides in the sample gas of example 7 example 1, and contain dimethyl sulfide 
20ppm. The obtained result is shown in Table 3. 

[0032] It replaced with the conditions of an example 8 and 13 to example of comparison 1 8 example 7, and the same 
experiment as an example 7 was conducted except having changed into the conditions shown in Table 3, respectively 
The obtained result is shown in Table 3. 

[0033] The same experiment as an example 1 was conducted except using the sample gas and the adsorbent 3 which 
replace with 15 ppm of hydrogen sulfides in the sample gas of example 9 example 1 5 and contain 50 ppm of carbon 
dioxides. Surface coverage is expressed with weight % of the amount of adsorption of a carbon dioxide to an adsorb 

[0034] It replaced with the conditions of an example 10 and 19 to example of comparison 24 example 9, and the sam 
experiment as an example 9 was conducted except having changed into the conditions shown in Table 3, respectively 
The obtained result is shown in Table 3. 
[0035] 
[Table 3] 
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[0036] 

[Effect of the Invention] According to this invention, the minor constituent contained in hydrocarbon system gas, 
especially the material gas for fuel cells using the adsorbent and this adsorbent which have the adsorptivity ability 
which was excellent as an object for removal of minor constituents, such as a sulfur compound contained in the 
material gas for fuel cells containing minor constituents, such as hydrocarbon system gas, especially a sulfur 
compound, especially the method of removing a sulfur compound efficiently are offered. 
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CLAIMS 



[Claim(s)] 

[Claim 1] To A type or the X type reforming binder loess zeolite in which heat-treat A type or the X type binder loes 
zeolite which has the 1st macropore and a micropore at the temperature of 500-1200 degrees C, and it makes it come 
form the 2nd macropore of a constant rate It comes to support manganese, cobalt, copper, nickel, iron, and at least on 
sort of metals chosen from the group which consists of platinum. This binder loess zeolite contains the zeolite 
crystalline which has a micropore in 95 - 100% of the weight of the range. The adsorbent for the minor-constituent 
removal in hydrocarbon system gas characterized by this reforming binder loess zeolite containing the zeolite 
crystalline which has a micropore in 90 - 96% of the weight of the range. 

[Claim 2] The adsorbent according to claim 1 with which this heat treatment is performed at the temperature which i 
600-1 100 degrees C. 

[Claim 3] this binder loess zeolite — all - a hole - the 1st macropore volume percentage to capacity - 10 - 30% of 
range - it is - this reforming binder loess zeolite - all - a hole - the adsorbent according to claim 1 which has all th 
macropore volume percentages to capacity in 30 - 45% of range 

[Claim 4] The adsorbent according to claim 1 with which this metal is supported by sinking in 0.05 to 1% of the 
weight. 

[Claim 5] The adsorbent according to claim 4 in the range this amount of support of whose is 0.05 - 0.1 % of the 
weight. 

[Claim 6] The adsorbent according to claim 1 with which this metal is supported in the range of 20 - 40% of rates of 
ion exchange by the ion exchange. 

[Claim 7] The adsorbent according to claim 6 in the range this rate of the ion exchange of whose is 20 - 30%. 

[Claim 8] The adsorbent according to claim 1 in the range whose path of this micropore is 5 A - 10A. 

[Claim 9] An adsorbent given in any of the claims 1-8 these minor constituents of whose are sulfur compounds they 

are. 

[Claim 10] It is hydrocarbon system gas containing a minor constituent Ordinary-pressure - 10 kg/cm2 The minor- 
constituent removal method in the hydrocarbon system gas characterized by contacting an adsorbent given in any of 
claims 1-8 they are to the bottom of a flow and pressure requirement. 

[Claim 1 1] The removal method according to claim 10 that this minor constituent is a sulfur compound. 
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